"Hepatocyte hybridomas" have been isolated after fusion of adult hepatocytes and a-fetoprotein (AFP-producing mouse hepatoma cells. The yield of viable hybrid clones was low but could be increased by culturing the cells in the presence of insulin. On the basis of their chromosome constitution, the hybrids were classified into two groups characterized by either a single or a double set of mouse (hepatoma) chromosomes. The hybrids segregated rat chromosomes and thus constitute an excellent material for gene mapping studies in the rat.
Most of the hepatocyte hybridomas retained the production of one or more rat serum proteins, indicating that the corresponding structural genes, contributed by the normal hepatocyte parent, have been immortalized and maintained in the active state after fusion. However, these hybrids do not produce rat AFP, although mouse AFP synthesis is maintained. This result strongly suggests that silent rat (hepatocyte) AFP genes coexist in hepatocyte hybridoma nuclei with active mouse (hepatoma) AFP genes. Finally, on the basis of certain proerties of these hepatocyte-hepatoma hybrids, we suggest that the nondividing state of the hepatocytes is actively controlled by a regulatory mechanism which prevents DNA synthesis or entry into mitosis or both. Hybrids formed between normal diploid cells and tumor cells of the same tissue origin (hybridomas) have proved useful for immortalizing certain functions expressed by normal differentiated cells, as shown by the numerous studies on the now classical "lymphocyte hybridomas" (1, 2) . We have explored the possibility that differentiated liver functions could be immortalized by hybridization of normal hepatocytes with mouse hepatoma cells. In this communication, we report the successful isolation of interspecies "hepatocyte hybridomas" and show that these hybrids provide a tool for immortalizing normal liver functions.
Hybridomas could also be valuable for analyzing the expression of differentiated functions subjected to developmental controls or to alterations associated with a malignant phenotype. This possibility has not yet been subjected to much investigation. Production of a-fetoprotein (AFP) is modulated during hepatic differentiation: AFP is produced actively by the fetal hepatocytes but only in trace amounts by the adult liver; and, in addition, it is synthesized by most hepatomas (3, 4) . By fusing liver cells which differ in the expression of the AFP gene, it should be possible to explore the mechanisms controlling the expression of this gene. In previous studies, we have shown that hybrids formed between AFP-producing mouse hepatoma cells and non-AFP-producing rat hepatoma cells retain the capacity to secrete mouse AFP (5) , unlike hybrids generated between AFP-producing mouse hepatoma cells and fibroblasts (6, 7) . By fusing AFP-producing mouse hepatoma cells with adult rat
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hepatocytes, we have generated hybrids that are also suitable for the study of the control of AFP production. Finally, these hybrids appear to constitute an excellent material for mapping studies, in particular: for mapping genes governing the synthesis of specific liver functions.
MATERIALS AND METHODS
The cells, culture media, antisera, and meth6ds used were as described (7). BWTG3 cells (8) , a clonal line of mouse hepatoma deficient in the enzyme hypoxanthine phosphoribosyltransferase (EC 2.4.2.8) and which secrete mouse albumin, AFP, transferrin, and third component of complement (C3), were fused with rat hepatocytes after isolation according to an enzymic perfusion technique (9) . Hybrid cells were selected in culture medium (Dulbecco's modification of Eagle's medium) supplemented with 0.1 mM aminopterin and 16 AM thymidine (10) .
As a reference for rat serum protein production, we used Fa32, a subclone of the Faza967 rat hepatoma line (11); Faza967 was kindly given to us by B. Ephrussi and M.
Weiss.
For karyological analysis, 10 metaphases of each clone were examined; telocentric and small and large metacentric chromosomes were counted. The average number of rat chromosomes in the hybrid cells was calculated on the basis of the number of small metacentric chromosomes which are characteristic of the rat genome. (9) . Such suspensions of liver cells contain less than 4% nonparenchymal cells (9) , and the cells have the ultrastructural and biochemical properties of hepatocytes (9, 12) ; like the donor liver, they secrete several serum proteins such as albumin (12) (13) (14) (15) . From with a decreased number of rat hepatocyte chromosomes (5-20 of 42). Despite the extensive loss of rat chromosomes, one LB clone secreted rat albumin and three other LB clones secreted rat transferrin. These clones were not further studied.
RESULTS

Isolation of Interspecies
Both the low frequency of appearance of viable hybrid clones and the peculiar chromosome constitution of the few LB hybrids led us to envisage the possibility that the nonmitotic state of the normal hepatocytes could be controlled by a regulatory mechanism which would act dominantly in the hepatocytehepatoma heterokaryons. In order to isolate and to study a larger number of hepatocyte-hepatoma hybrids, we then performed further fusion experiments using rat hepatocytes in which the DNA synthesis or entry into mitosis or both could be stimulated. The following modifications of the fusion procedure were used: hepatocytes were isolated from a hepatectomized animal (operation 24 hr before perfusion); the isolated hepatocytes were fused immediately or were first cultured for 2 days in the presence of insulin, which has been shown to stimulate DNA synthesis in cultured rat hepatocytes (16); after fusion, the cells were cultured in standard medium or in the presence of insulin. Table 1 summarizes the frequencies of hybrid colonies arising in the different experimental conditions. As observed previously, the yield of hybrid clones was low when freshly isolated hepatocytes were fused with hepatoma cells and then cultured in standard medium. When hepatocytes were precultured in the presence of insulin more hybrid clones were formed (even if insulin was withdrawn from the culture medium after fusion). +  hLB330  c  s  68  5  73  ---hLB360   c  i  67  30 97 + + + The hepatocytes used to generate the LB clones were isolated by perfusion of a normal rat liver; those used to generate the hLB clones were isolated by perfusion of a hepatectomized rat liver. Alb., Trf., and C3 are albumin, transferrin, and the third component of complement; the limits of sensitivity of the method used to detect the rat serum protein correspond to 5%, 10%, and 20% of the amounts of rat albumin, transferrin, and C3 produced by Fa32, a line of rat hepatoma cells. * f, hepatocytes were fused immediately after isolation by perfusion; c, hepatocytes were cultured in the presence of insulin before fusion; s, after fusion, the cells were cultured in standard medium (i.e., without insulin); i, after fusion, the cells were cultured in the presence of insulin.
Cell Production of Albumin, Transferrin, and C3. As expected, all the hybrid clones produced albumin, transferrin, and C3 of mouse (hepatoma) origin, at rates similar to those in the parental mouse hepatoma cells. This result illustrates the stability of production of the serum proteins in the mouse hepatoma cells and adds significance to the previous observations concerning extinction of serum protein production in hepatoma-fibroblast hybrids (6, 7) .
As regards the production of rat (hepatocyte) serum proteins, we observed that most clones (in both classes I and II) secreted at least one rat serum protein (only 5 of the 44 clones tested did not produce any rat serum protein) and many clones (26 clones: 6 class I and 20 class II clones) secreted at least two rat serum proteins. These results are illustrated in Fig. 1 a-f and summarized in Table 3 ; the detailed data for class I hybrids are shown in Table 2 . We found the rate of rat albumin production in some hybrids to be as high as in Fa32 rat hepatoma cells (which produce --5 jig of albumin per 106 cells per 24 hr). Because these hybrids have lost rat chromosomes to a significant extent, the lack of production of some of the rat serum proteins in some clones is not surprising and is likely the result of a loss of the corresponding structural genes. It should thus be possible to map these genes. Examination of the pattern of secretion of the hybrid clones (Table 3) shows that production of each of the three rat serum proteins is lost independently of the others, suggesting that the corresponding structural genes are located on separate chromosomes [this is also the situation in the mouse (17) (18) (19) ]. Moreover, because these hybrids were selected and propagated in a medium that selects for the presence of an active X chromosome contributed by the rat hepatocyte (the parental mouse hepatoma cells are hypoxanthine phosphoribosyltransferase negative), it is very likely that none of these genes is X linked. Table 3 also shows that 12 clones lost transferrin production only, 2 clones lost C3 production only, and none lost albumin production only. This observation suggests that the rat chromosome bearing the structural transferrin gene is lost more frequently than the other chromosomes.
In conclusion, the production of rat albumin, transferrin, and CS by these hybrids shows that their corresponding hepatocyte-derived genes remained active in the hybrids and thus that these liver functions can be immortalized by cell fusion.
Production of AFP. Hybrids formed between AFP-producing hepatoma cells and nonliver cells are characterized by extinction of AFP production (6, 7), whereas hybrids formed between AFP-producing mouse hepatoma cells and non-AFP-producing rat hepatoma cells retain the capacity to produce mouse AFP (5) . Does the genome of normal hepatocytes permit the expression of the hepatoma AFP genes in the hepatocyte-hepatoma hybrids, or does it cause extinction of AFP production? All the LB hybrids actively secrete mouse AFP at rates close to the rate by the parental BWTG3 cells (50-300%). To determine whether retention of mouse AFP was accompa-.
*nied by activation of rat AFP production, we used a noncrossreactive antiserum directed against rat AFP. None of these hybrid clones produced rat AFP in detectable amount (i.e., <1% of the amount of secreted mouse AFP) ( Fig. 1 f and g ).
One might expect that hepatocytes derived from hepatectomized liver, which produces AFP (3, 4) , could give rise to rat C3s precipitate at the same position; the spurs are formed by rat C3 which is identified inf. g shows mouse AFP in the hybrids; mouse AFP present in BW forms a spur (not readily visible on this figure) with rat AFP. No rat AFP was detected in the hybrids by anti-rat AFP which still gave a clearly visible reaction (h) with a diluted solution of rat AFP (30 Ag/ml); in 10OX concentrated culture medium of BWTG3 cells or hybrid cells, mouse AFP was present at 1.5-10 mg/ml. AFP-producing hybrids. However, the production of AFP is very low and transient in hepatectomized adult rats (see figure 
DISCUSSION
In this discussion, we shall consider two aspects of our work: the production of serum proteins, in the bepatocyte hybridomas, and the problem linked to the isolation of these hybrids and their chromosomal constitution. Widman et al. (20) have recently shown that rat hepatocyte-rat hepatoma hybrids produce ornthine carbamyltransferase, an enzyme normally not found in the parental hepatoma line used (21); however, the origin of this enzyme could not be established in such intraspecies hybrids. In the present study, we demonstrate that liver functions coded for by the hepatocyte genome can be immortalized in hepatocyte hybridomas; the origin of the proteins secreted could be established since these hybrids were interspecies. These observations show that genes coding for liver-specific functions can be introduced and maintained in the active state in permanent lines of hepatocyte hybridomas. Some clones have lost the production of serum proteins, this property being undoubtedly due to the fact that rat hepatocyte-mouse hepatoma cell hybrids segregate rat chromosomes. Hence, such hybrids constitute an ideal material for dissecting complex enzymic systems (different activities can be separated in different hybrid clones) and for mapping rat genes coding for liver functions. Them hybrids are also suitable for mapping any rat gene for which a specific cDNA probe is available, even if the gene to be mapped is not expressed (22) .
Our observation is relevant to the control of expression of the AFP gene. We have shown that all the hepatocyte-hepatoma hybrid clones retained the production of mouse (hepatoma) AFP, this result being similar to that Qbserved in hybrids formed between mouse AFP-producing hepatoma cells and rat non-AFP-producing hepatoma cells (5) and contrasting with the AFP extinction observed in fibroblast-hepatorna cell hybrids (6, 7) . This could result from the loss, in all the hepatocytehepatoma cell hybrids, of the putative "exti~nguisher" rat chromosomes, bearing the genes directing the production of AFP gene repressor. However, if one takes into account the large number of clones analyzed, this hypothesis appears unlikely; in addition, this hypothesis is not satisfactory in the case of the mouse hepatoma-rat hepatoma hybrids (5) (27) or A9-hepatocyte hybrids (7)] have a chromosome constitution close to the expected one.
These observations strongly suggest that the peculiar chromosome constitution of the non-dividing cell-hepatoma cell hybrids is the consequence of special interactions between these two parental genomes rather than the result of fusions involving three parental cells. What might these interactions be? It has been shown that, in heterokaryons formed between nondividing cells (erythrocytes, macrophages) and cells of permanent lines (A9, HeLa, melanoma cells), DNA synthesis is induced in the dormant nucleus (28) (29) (30) ; such is probably also the case in hepatocyte-A9 heterokaryons. Indeed, hybrids derived from these fusions (with the exception of erythrocyte hybrids) have a normal chromosome constitution (7, 27) . On the other hand, the situation is different in heterokaryons formed between some proliferating cells and postreplicative "senescent" fibroblasts (31) (32) (33) ; in such heterokaryons, initiation of DNA synthesis [but not ongoing synthesis (32) (33) (34) ] is inhibited by the postreplicative partner. We suggest that, similarly, initiation of DNA synthesis (or entry in mitosis) is inhibited in hepatocyte-hepatoma cell heterokaryons; the nondividing (Go) state of the hepatocytes (or other nondividing cells) would be maintained in such heterokaryons. This could be explained if, similarly to the senescent phenotype (32, 33) , the Go state of nondividing cells is actively controlled by a regulatory mechanism, the final effect of which would be negative.
In some tumor cells such as hepatoma cells, the synthesis of the Go state regulatory factors would have been lost, but their nuclei would remain sensitive to the blocking effect of these factors. This block might be overcome (by a gene dosage effect) in those heterokaryons formed from hepatoma nuclei engaged in DNA synthesis before fusion or from preexisting 2S hepatoma cell nuclei (which contain a double set of chromosomes; such 2S cells represent a few percent of the cells in a BWTG3 culture). Overcoming of the Go state block would be facilitated by addition of insulin because this hormone stimulates DNA
